The anatomical basis for anterior interosseous nerve palsy secondary to supracondylar humerus fractures in children  by Vincelet, Y. et al.
Orthopaedics & Traumatology: Surgery & Research (2013) 99,  543—547
Available  online  at
www.sciencedirect.com
ORIGINAL ARTICLE
The  anatomical  basis  for  anterior
interosseous  nerve  palsy  secondary  to
supracondylar  humerus  fractures  in
children
Y.  Vinceleta,  P.  Journeaua,∗,  D.  Popkovb,  T.  Haumonta,
P.  Lascombesc
a Service  d’orthopédie  et  traumatologie  pédiatrique  (Pr  P.-Journeau),  hôpital  d’enfants  de  Brabois,  CHU  de
Nancy, Nancy,  France
b Scientiﬁc  and  Clinical  Laboratory  for  Deformity  Correction  and  Limb  Lengthening,  Federal  State-Financed
Institution  Russian  Ilizarov  Scientiﬁc  Center  for  Restorative  Traumatology  and  Orthopaedics,  M.  Ulyanova
street, 6,  640014,  Kurgan,  Russia
c Service  d’orthopédie  pédiatrique,  hôpital  des  enfants  et  adolescents,  HUG,  Genève,  Switzerland
Accepted:  24  April  2013
KEYWORDS
Anterior  interosseous
nerve;
Supracondylar
fracture;
Nerve  palsy;
Children;
Anatomy
Summary
Introduction:  Various  studies  have  found  that  6.6  to  31%  of  supracondylar  elbow  fractures  in
children have  nerve-related  complications.  One-third  of  these  are  cases  of  anterior  interosseous
nerve (AIN)  palsy  that  usually  result  in  a  deﬁcit  of  active  thumb  and  index  ﬂexion.  The  goal  of
this cadaver  study  was  to  describe  the  course  of  the  AIN  to  achieve  a  better  understanding  of
how it  may  get  injured.
Materials  and  methods:  On  35  cadaver  specimens,  the  median  nerve  and  its  collateral  branches
destined to  muscles  were  dissected  at  the  elbow  and  forearm  levels.  The  distance  at  which  the
various branches  arose  was  measured  relative  to  the  humeral  intercondylar  line.  Interfascicular
dissection  of  the  AIN  was  used  to  map  its  distribution  within  the  median  nerve.
Results:  The  AIN  arises  at  an  average  of  45  mm  from  the  humeral  intercondylar  line.  Before
emerging from  the  median  nerve,  the  AIN  fascicles  were  always  found  in  the  dorsal  part  of  the
median nerve.  After  emerging,  the  AIN  was  divided  into  two  zones.  Zone  1  was  the  transitional
portion from  its  exit  point  until  its  entrance  into  the  interosseous  space,  where  it  changes
direction.  Zone  2  was  the  interosseous  portion  between  the  radius  and  ulna  that  comes  into
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contact  with  the  anterior  interosseous  membrane  to  which  it  is  attached  over  its  entire  length
until it  ends  in  the  pronator  quadratus  (PQ)  muscle.  The  muscle  branches  of  the  AIN  destined  for
the ﬂexor  pollicis  longus  (FPL)  and  ﬂexor  digitorum  profundus  (FDP)  muscles  mostly  originated
in Zone  1,  which  is  the  transitional  portion  between  the  median  nerve  and  the  ﬁxed  Zone  2.
The branches  destined  to  the  pronator  teres  (PT)  and  ﬂexor  carpi  radialis  (FCR)  originating  from
the median  nerve  are  more  proximal  and  superﬁcial.
Discussion:  The  injury  mechanisms  leading  to  selective  AIN  palsy  secondary  to  supracondylar
elbow fracture  in  children  are  probably  the  result  of  two  factors:  direct  contusion  of  the  pos-
terior aspect  of  the  median  nerve,  and  thereby  the  AIN  fascicles,  by  the  proximal  fragment;
stretching  of  AIN  in  Zone  1,  which  has  less  ability  to  withstand  stretching  than  the  median  nerve
and its  other  branches  because  the  AIN  is  ﬁxed  in  Zone  2.
Conclusion:  Details  about  the  origin  and  course  of  the  AIN  can  explain  the  high  percentage  of
AIN palsy  in  supracondylar  elbow  fractures  in  children.
Level of  evidence:  Level  IV.  Anatomic  study.
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upracondylar  elbow  fractures  make  up  3%  of  all  fractures
n  children  [1].  Five  fracture  types  were  identiﬁed  and
escribed  by  Lagrange  and  Rigault  in  1962  [2,3].  Types  III  and
V  are  responsible  for  most  of  the  immediate  complications,
hich  are  mainly  nerve-related  but  can  also  be  vascular  in
ature  [4—6].  Several  series  have  found  that  6.6  to  31%
f  supracondylar  elbow  fractures  in  children  have  nerve-
elated  complications  [1,4,6,7].  Since  95%  of  these  fractures
ccur  in  extension,  the  displacement  of  the  distal  fragment
eems  to  be  an  important  factor  in  the  pathophysiology
f  the  nerve  trunk  injury  [4].  Among  the  60  nerve-related
omplications  observed  in  a  series  of  210  supracondylar
ractures  [4],  the  median  nerve  was  involved  in  28  cases
with  posterolateral  displacement  in  86%  of  these  cases),  the
adial  nerve  was  injured  in  13  cases  (posteromedial  displace-
ent  in  92%  of  cases)  and  the  ulnar  nerve  was  paralysed  in  25
ases  (with  posterolateral  and  posteromedial  displacement
n  56%  and  40%  of  cases,  respectively).
The  anterior  interosseous  nerve  (AIN)  is  a  branch  of
he  median  nerve  that  always  innervates  the  ﬂexor  polli-
is  longus  (FPL)  muscle  and  the  ﬂexor  digitorum  profundus
FDP)  muscle  fascicle  destined  to  the  index.  In  cases  of  palsy,
n  active  ﬂexion  deﬁcit  exists  in  the  thumb  interphalangeal
oint  and  the  index  distal  interphalangeal  joint,  leading  to  a
uck  bill  deformity  when  the  patient  is  asked  to  make  a cir-
le  with  their  index  ﬁnger  and  thumb;  however  this  sign  is
on-speciﬁc  [5,8].  This  palsy  is  found  in  multiple  diseases
aving  a  neuritis-related  or  compressive  etiology  [9—20].
he  prognosis,  all  etiologies  combined,  is  good,  even  with-
ut  exploratory  surgery,  which  only  ﬁnds  a  clearly  identiﬁed
natomical  injury  in  16%  of  cases  [19].
AIN  palsy  is  found  in  7.6  to  8.6%  of  supracondylar
ractures  and  by  itself,  makes  up  47%  of  all  nerve-
elated  complications  and  70%  of  median  nerve  injuries
1,4,6,7,14,21,22].  But  these  only  occur  with  posterolat-
ral  fragment  displacement  [4].  The  prognosis  is  good  with
he  spontaneous  recovery  being  permanent.  The  hypothesis
f  a  neuropraxia-type  injury  seems  most  likely  in  this  case
4,7,14].But  how  can  70%  of  medial  nerve  injuries  be  attributed
o  damage  done  to  only  one  of  its  branches,  the  AIN,  when
t  emerges  distally  to  the  fracture  site?
n
a
crights  reserved.
Some  authors  [23,24]  have  explored  this  paradox  and
ypothesized  that  the  medial  nerve’s  AIN  fascicles  across
rom  the  fracture  site  are  bruised.  However,  no  speciﬁc
natomical  studies  have  looked  at  the  injury  mechanisms.
he  goal  of  this  cadaver  study  was  to  describe  the  trajec-
ory  of  the  AIN  to  get  a  better  understanding  of  how  it  is
njured.
aterial and methods
ur  study  consisted  of  dissecting  35  cadaver  specimens,  27
hat  were  freshly  thawed  after  freezing  and  eight  that  were
ormalin  preserved.  Each  dissection  was  performed  with
.3  ×  magniﬁcation  surgical  loupes.
The  same  approach  to  the  site  was  used  each  time.  After
emoving  the  skin,  the  median  nerve  and  humeral  artery  at
he  upper  portion  of  the  pronator  teres  (PT)  were  identi-
ed.  After  cutting  the  distal  tendons  of  the  palmaris  longus
PL)  and  ﬂexor  carpi  radialis  (FCR)  muscles,  we  located  and
nventoried  the  muscle  branches  destined  to  the  superﬁcial
ompartment  muscles  (PT,  FCR,  PL).  We  then  located  the
edial  nerve  under  the  ﬂexor  digitorum  superﬁcialis  (FDS),
hich  allowed  us  to  cut  and  reﬂect  the  PT  muscle.  This
llowed  us  to  divide  the  individual  muscle  branches  destined
o  the  FDS  muscle.  After  the  FDS  was  fully  opened,  the  AIN
temming  from  the  median  nerve  was  identiﬁed  by  follow-
ng  it  up  to  the  pronator  quadratus  (PQ)  muscle.  The  muscle
ranches  of  the  AIN  destined  to  the  FPL  and  FDP  muscles
ere  separated  into  individual  branches.
For  each  muscle  branch  identiﬁed,  the  location  where  is
rose  from  and  penetrated  into  the  muscle  body  was  mea-
ured  in  millimeters  from  the  humeral  intercondylar  line,
hich  was  used  as  a  reference  point.  All  the  distances  were
xpressed  as  a percentage  relative  to  forearm  length,  which
as  deﬁned  as  the  distance  between  the  humeral  inter-
ondylar  line  and  the  radial  styloid  process.
With  four  specimens,  we  performed  a  retrograde  intra-
eural  dissection  of  the  AIN  fascicles  within  the  median
erve,  from  the  point  where  it  arose  up  to  the  elbow  joint.
In  two  specimens,  all  the  muscles  and  fascia  were
esected  until  the  bone  was  reached,  except  for  the  median
erve  and  AIN.  We  performed  a  distal  humerus  osteotomy
bove  the  humeral  intercondylar  line  to  reproduce  a  supra-
ondylar  fracture.  The  goal  was  to  analyze  the  behavior  of,
Anterior  interosseous  nerve  palsy  secondary  to  supracondylar  hu
Figure  1  Drawing  showing  the  distances  at  which  the  various
muscle  branches  arise  from  the  median  nerve  and  the  anterior
interosseous  nerve.  Each  value  is  given  in  mm  and  as  a  percent-
age of  forearm  length.  The  standard  deviation  of  this  value  is
given in  mm.  PT:  pronator  teres;  FCR:  ﬂexor  carpi  radialis;  FPL:
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There  was  relatively  little  variability  in  this  point  of  originﬂexor pollicis  longus;  FIP:  ﬂexor  indicis  profundus;  PQ:  pronator
quadratus.
and  the  relationship  between,  the  median  nerve  and  AIN
when  the  fracture  fragments  are  displaced.
Results
As  summarized  in  Fig.  1,  the  median  nerve  gives  off  muscle
branches  destined  to  the  PT  muscle  at  15  ±  16  mm  from  the
humeral  intercondylar  line  (6%  of  the  forearm  length)  and
to  the  FCR  muscle  at  26  ±  15  mm  (11%).  The  branch  destined
to  the  FRC  muscle  arose  from  the  posteromedial  portion
of  the  nerve.  The  AIN  arose  from  the  posterior  portion  of
the  median  nerve  at  45  ±  13.6  mm  (18%  of  forearm  length).
When  the  median  nerve  was  dissected,  the  AIN  fascicles
were  always  located  posteriorly  before  emerging.
Distal  to  where  it  arose,  the  AIN  had  two  portions.  One
was  transitional,  proximal  and  free-moving,  located  from
the  AIN’s  median  nerve  origin  point  up  to  where  it  comes
into  contact  with  the  interosseous  membrane.  The  other  was
distal  and  interosseous,  and  corresponded  to  the  portion  of
the  nerve  from  where  it  is  appended  to  the  interosseous
membrane  up  until  it  penetrates  into  the  PQ  muscle.
Transitional  portion
This  originated  at  45  ±  13.6  mm  (18%  of  forearm  length)  and
extended  from  where  it  arose  from  the  AIN  to  where  it
entered  into  the  interosseous  space  (corresponding  to  the
start  of  the  apposition  of  the  nerve  onto  the  interosseous
membrane)  at  117  ±  17  mm  (47%  of  forearm  length).  This
portion  was  free  to  move  and  had  no  ﬁbrous  attachments.
(
pmerus  fractures  545
Almost  all  of  the  motor  branches  of  the  AIN  arose  from
his  portion.
 One  main  branch  systematically  went  to  the  ﬂexor  indi-
cis  profundus  (FIP)  muscle  at  72  ±  12  mm,  thus  30%.  This
was  always  the  largest  of  the  branches  destined  to  this
muscle.  In  55%  of  cases,  the  AIN  gave  off  branches  to  the
remainder  of  the  FDP,  either  through  another  independent
branch  or  by  branching  off  from  the  main  branch.
 Two  main  branches  for  the  FPL  muscle  at  72  ±  15  mm
(30%),  one  going  in  front  of  the  FPL  muscle  body  and  the
other  behind  it.  These  either  originated  from  a  common
trunk  (83%  of  cases)  or  arose  from  the  AIN,  independent
of  each  other.
 Gantzer’s  muscle  (accessory  head  to  FPL),  which  is  not
always  present  (18%  in  this  series),  received  a  branch
arising  at  60  ±  15  mm  (24%).
 Martin  Gruber  anastomosis:  this  median-ulnar  motor
nerve  anastomosis  was  found  in  40%  of  specimens.  When
present,  it  originated  either  directly  from  the  AIN  (63%  of
specimens)  or  from  the  branch  destined  to  the  FIP  muscle
(27%  of  specimens).
nterosseous  portion
his  portion  started  at  the  AIN  entry  point  into  the
nterosseous  space  at  117  ±  17  mm  (47%)  and  extended  up
o  where  it  ended  in  the  PQ  muscle  at  213  ±  27  mm  (87%).
n  45%  of  specimens,  no  muscle  branches  arose  from  this
ortion  of  the  nerve.  In  55%  of  specimens,  the  nerve  gave
ff  a  very  small  accessory  branch  to  the  FPL  and/or  FIP  at
15  ±  29  mm  (47%)  and  119  ±  19  mm  (48%),  respectively.
In  three  specimens,  the  AIN  had  an  intramuscular  tra-
ectory  inside  the  FPL.  It  passed  under  the  PQ  muscle  at
84  ±  19  mm  (75%)  and  innervated  the  PQ  with  an  average  of
.5  branches.  The  joint  branch  for  the  wrist  was  not  always
ound,  probably  because  of  its  miniscule  size.
In  every  specimen,  this  portion  of  the  entire  length  of  the
IN  was  attached  to  the  interosseous  membrane  by  multi-
le  ﬁbrous  bands,  which  did  not  allow  it  to  move  or  adapt
Fig.  2).
The  simulation  of  the  posterior  displacement  of  the  frac-
ure  on  two  specimens  via  an  osteotomy  found  greater
ension  being  placed  on  the  AIN  relative  to  the  median  nerve
ecause  of  its  ﬁxed  interosseous  portion.  The  median  nerve
as  trapped  in  the  coronoid  fossa  of  the  humerus  during
osterolateral  displacements,  but  was  not  trapped  during
osteromedial  displacements  (Fig.  3).
iscussion
ur  study  conﬁrmed  the  descriptions  of  the  posterior  loca-
ion  of  AIN  fascicles  in  the  median  nerve  at  the  elbow,  up
ntil  it  emerged  from  this  nerve  [25,26].  In  other  published
tudies,  the  AIN  arose  at  50  to  80  mm  from  the  humeral
ntercondylar  line  [25,27—29].  Our  average  value  of  45  mm
18%  of  forearm  length)  was  close  to  the  published  value.standard  deviation  less  than  14  mm).
The  muscles  innervated  by  the  AIN  were  identical  to
ublished  data  [30—32],  including  the  inconsistent  Gantzer
546  
Figure  2  Anterior  view  of  the  right  forearm  showing  the
interosseous  portion  of  the  anterior  interosseous  nerve  (AIN)  (1)
between  the  ﬂexor  indicis  profundus  (FIP)  (2)  and  the  ﬂexor  pol-
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Cicis longus  (FPL)  (3),  along  with  its  multiple  ﬁbrous  attachments
black  arrows).
uscle.  Lepage  et  al.  [30]  found  a  single  branch  in  all  spec-
mens  for  the  FPL  and  in  94%  of  cases  for  the  FPD.  We  found
ore  than  one  branch  for  these  two  muscles  in  47%  and  48%
f  cases,  respectively.  This  difference  could  be  explained  by
he  small  size  of  these  branches,  which  makes  them  hard  to
nd.
This  nerve  is  more  often  involved  during  supracondylar
racture  with  posterior  fragment  displacement.  We  hypothe-
ize  that  the  AIN  is  not  being  directly  bruised  by  the  fracture
dge,  since  it  arises  distal  to  the  fracture  site.  Some  of  the
roposed  mechanisms  relate  to  either  aponeurotic  arcades
igure  3  Right  forearm  that  has  been  dissected  to  leave  only
he humerus  (H),  its  coronoid  fossa  (CF),  the  median  nerve  (M)
nd the  pronator  teres  (PT)  muscle.  Once  an  osteotomy  was
erformed  to  reproduce  a  supracondylar  elbow  fracture,  the
edian  nerve  was  trapped  in  the  coronoid  fossa  when  the  distal
ragment  was  displaced  (arrow).
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t  the  PT  and  FDS  muscles  or  signs  of  intranerve  ischemia
24,33].  However,  these  two  mechanisms  cannot  in  them-
elves  explain  the  isolated  AIN  palsy  because  the  median
erve  would  also  have  to  be  injured.  Spinner  and  Schreider
23]  and  Geutjen  [24]  proposed  that  the  posterior  part  of
he  median  nerve  was  being  bruised  at  the  fracture  site.
ased  on  other  cadaver  studies  [26,34,35],  it  was  hypoth-
sized  that  the  AIN  fascicles  are  the  ﬁrst  to  be  bruised  by
he  proximal  fragment,  especially  since  the  palsy  occurs  in
ype  III  and  IV  fractures  [2,3],  thus  secondary  to  posterior
isplacements.
This  explanation  was  based  on  modeling  of  the  injury  on
adaver  specimens  but  seemed  inadequate  to  us.  This  led
o  us  to  suggest  that  a  combination  of  events  leads  to  an
solated  AIN  injury  secondary  to  this  fracture.
 First,  direct  contusion  by  the  free  edge  of  the  proximal
fracture  fragment  of  the  AIN  fascicles  in  the  portion  where
the  AIN  is  still  enclosed  in  the  median  nerve  before  arising
from  it  (Fig.  3).
 Then  the  coronoid  fossa  of  the  humerus  catches  the
median  nerve  during  posterolateral  fracture  fragment
displacement  and  makes  this  posterior  contusion  to  the
median  nerve  worse  (Fig.  3).
 Stretching  of  the  shorter,  free  portion  of  the  AIN,  seems
to  be  made  worse  by  the  interosseous  part  of  the  AIN
being  attached  along  the  interosseous  membrane.  Thus
the  AIN  has  a  limited  capacity  to  withstand  any  stretch
injury  because  its  longest  part  is  ﬁxed.  Since  the  median
nerve  is  free-moving,  it  could  theoretically  withstand
more  stretching  during  the  fragment  displacements  with-
out  being  injured.
onclusion
IN  palsy  secondary  to  supracondylar  elbow  fracture  in  chil-
ren  is  not  likely  due  only  to  bruising  of  the  posterior  part
f  the  median  nerve  by  the  proximal  fragment.  This  rela-
ively  dated  cadaver-derived  observation  cannot  by  itself
xplain  the  selective  injury  to  the  AIN.  Our  study  allowed  us
o  shed  light  on  a  more  complex  series  of  event,  which  can
e  explained  by  the  anatomy  and  relative  location  of  the
IN.
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